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Marine vessel, layered structure for use in y^f^^r^sU^^ j^ai 
element for forming a layered structure »^M^amm^4b^mmBis* 
layered structure 




*v- T 



The invention relates to a marine vessel^a* 
vessel^ a. layered stmcture^inodi^^ m^M^i^] 
module, 4£d methods for p^oduping 

Most. commercial and military ships today, 

•effect sffips, nave a hull that is made purely or steei W e& meJsteel plates have - 
two mam functions, namely to serve as a tfkter .^^n^^,a^ffl^he*ea and 
thereby provide buoyancy, and, second, to providetstren^ cap^ifykeBded-ibf 
earrying environmental loads and loads W.cargo^^fij^i^te^^.. , 
Structural steels may have very high 
strength capacity fully because thin s^el|#ates W^g*^^ 




form separation walls betweenxargo holds ma^ipvan^ternative s^ening 
principle is to form the wall plating with a, channels^e corragation^&thereby 
achieving increased carrying capacity and s»^Bni^^te^di^.^am^-i^vfwet t 
it must be realized that also coirugated plates may*#splay se^-J^^^f|j!itelcEa^... - h ■ 
even for transverse loading. 'V» "■ 'lit:-: 

Looking at a typical steel ship design Q^ir^M^^^^-^^^^k'^^r 
the many different structural menibers 

ship there may be as many. as. mm^t^^^^^^^^^^^^h 
hull Structure. This- oqMpi^li^oio^^^^^^^^^X^^^. 
many pieces of steel, but, more importantly^ 'ki^Sk^^^^a^^' 
expensive welding work has to M tarried out/.^etebetween plate^knd stiffening 
elements are.also critical zones for fatigue and fracttirihg. These welds, in addition 
to general corrosion, are the main factors determining, the sendee life, of a ship,. 

Another important design consideration for hull steuerares is their capacity for 
sustaining extreme and accidental loads. In this eontte^ee>mattei W 
particularly significant, namely the capability of aljso&fog W^i$£%bt 
accidental loads, the capability of redistribution fsM&^.^dyi^^^^^'^-'- 
redundancy, and the capability of mamtaimng •^M^^^^^p'^- 
damaged condition. In later years there h^^e^m^ac^bMiM^^ 
international regulations to this end. For example -double null design;, i;e^ double 
bamers between the oil tanks and the sea, has befcotoe. mandatory for new tank 
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ships. There is of course additional steel usage aridysests assoeiat^r^fc-i^ostpf. 
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between the skins in a doTibie.ht^'is .6d^ttused? 
These spaces with the plate field grid sti* fei^$sft| 
clean, "fibis has implications, fat detecting and rej 
a sonxcfelTdr contaminating ballast water. 



3r.ns : it inay be 



There exist alternative ways of achieving eimahced^sa^r and 
performance including improved strength, oom^&maski^p^^^'t^^^ ' 




surface skins r and foam or "honeycomb 

Oompbsile hulls and plate panels have also been=used€dr ships. Fox^mstance, glass- 
fibre reinforced plastic skins with foam plasticxorft^lastomeES;^^e-*een used 
for hull construction for small and moderately l&g&M& :speeMigT&0&& ■ 
Composite panels have been used as separation vt^4^'®^'&^&^?* °* 
ships. However, current regulations, such as SQL&S£h*aypTe*^^ 
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may exhibit defdrinatioii beyond what not 
known problem with plastic, sldnind foani? 
tendency for "delamination", Le! separation^ 
intensity smface loading. This may severely temti^^ and 
integrity of the hull. 

From the discussion above it is evident that plastic isldh-reore ^ 
is not attractive for building large ship hulls. However* composite* pi&tS design is in 
principle structurally very efficient. • ^ .* \ 



Earlier there have been made attempts to build ma^e^^ 
vacca! mmnricpc concrete -and metal: sheets&&^ 




sheet and concrete filled in between the inner atfdktKs5^ 

oidy specification for the concrete to be used isihas it is preferably of such a 

consistency that it may be poured into the space between the two sheets. 



C- 



ONSAGERS RS 



There are also other applications where concrete 
marine vessels. 
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joinedtpgether by a plurality of -cross^e^e^'^p 
thereafter, introduced into the s^jx^ ; b^teli^^^^^ 
are ! prefahxicated fastened together bf^m^^^S^^^^^^^^^fi 
I site mtiiiQut the concrete filling. I&e panels are*|*M^^ ^ * 

devices, the concrete is poured into the void, in ; bel^eiem. the faciqg ^tates after 
assembly- There are not set any requirements regacdijog #ie concretes^propeiiies- 
This double skin-panels are in advertising suggeste&?ased forc&j^ 
submersibles, suction anchor piles or submerged tiibe^tuniiels. ^e:^a^iHi^its.fofr ; 
using this system are the lightweight of the facing-;|i^^ -VJ-'s^^i 

tee^e&i^M 





^.Concrete has also been usee! for other jpuqsoses iri:^ 0iie ! 
use is in connection with strengthening a hull of aSMjfc One example ofthis is 
given in the publications SU 1646944, where one uses a cement adhesive layer on 
the metal hull, a layer of spiral wire netting embeddeddir : a fifl^con^te layer- 
which is limited by another layer of reinforced nettm^which on ia^B^^^Bx^*: 
layer of cement. Another example for strengthening?;^ 
where the hull of a tank ship is provided, with i 
internal steel structural support by* ; distri6u 
of the tank or cargo hold, applying a layers 
steel plates on the surface of the cmed-co^et^^ 

the plates to the hulL This example can only effibie^ of a 

hull in a ship, and gives no solution for the bulkheafeorlhe side stnictares; Both 
these procedures also consist of several steps and are,*due to this, quite Extensive in 
workload when executed. 

A method more or less equal to these is also described^ FR 2 478 $15. It is 
descried that concrete is applied to areas where a mdtal ,sheet .in cpntact wi% water , ; 



layer may be armoured and there may be applied^an&ill^^ 
the concrete. • '■ -•■ •-- -V;-.-.' .-■.?« . 
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These solutions are for repairing or improving -the structures of an existing ship, 
which already have a steel structure that is dimensioned for the forces that a ship 
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may be exposed for. The requirements for both the^efcl sheete-and thp concrete jose 

in these solutions will be significantly different from &errequ^pinents of the current 

invention where the whole ship hull, or parts of the ship, are built step by step and . 

in assemblages of small and large structural modules/ .^qtk a layere&stocture. /.- r :; - 

The main purpose for the present invention i5 tg^*" 2 ^ ""^ — * — 
the whole or part of a marine vessel wif&felttye 
suitable for use in vessels or other strocturaiiCG 
such composite structures, which is coinjietifive^ 

Another main purpose of the present invention is ^^fdvide a ^es^where the 
different parts of for instance the hull have st3tength%Msti£&ijess prbp.CTties which 
improve the integrity and overall performance in ca^ of acoidental load^g, such as 
explosions, collision and grounding, in comparison^tkt^ 
double skin ship hull design, and to provide a VessSl-which a^l^ye&js^^ 
against being wrecked compared with ordinary ^isM*Sl#aft>t 
layered -structure for use-in for iiistatice^Mps^wM 
performance compared withordiriafry sm^$^^$ 
This refers to integrity and resistance against i 
well as the way ballast water may be dealt witt ing 

A further aim is to provide a layered structure for -useiin ships that is:advaniageous. 
as means for reducing the overall exposed surface ^area;'^© that it becomes smooth 
with minimal comers and connections, so that emptying^ cleanMg anti ffiaiateriance 
becomes easier, more efficient and thereby less costly ;The overall arei that needs. 





A further aim is to develop a layered stnictoetfhat#^^^ -J 
whole vessel that will be economically coi^ ships 
and that results in increased safety at sea. To achieve-a layered- structure with the 
necessary strength and stiffness properties, which afrthe same, time uses 
significantly less steel and may be lighter than an equivalent steel structure for a 
ship is another aim. Finally, is it a goal to achieve a ship that is significantly less 
prone to fatigue cracking than a conventional ship,: thereby reducing the . need for. 
maintenance and repairs, and resulting in enhancei:design life. I 

These aims are achieved with a vessel, a layered^ 
accordance vrith the following claim. 



and^meth^n^in > 



The invention regards a marine vessel, such as sMp^vSoating platform etc, where 
the whole or part(s) comprises a layered stractiure^ahd^a layered structure including 
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15 ,,. 



two substantially parallel metal sheets with a cottofegte layer zii itetwe£n, where the . ... ■* - 
concrete has density significantly less than that o$&ti£&i& ^fcoru^et^^^lerably fessr . . \ ? • 
than about 1200 kg/m 3 , where die layered structure is ^iiiiensioned as if the fconcrete 1 
layer in the structure can carry substantially no tension but is capable of carrying 
compressive forces. 

,/ith;^^^ 

ine vessel inay A b.e ,: ^f • V '^0^j 

don or parts t)iJPlh€J '^sMS^^^m^^^^mied ' 



A marine vessel may be any type and size of ships! 
tanker or a container ship or a barge or 
also be a serni-submersible platform withw-wi^ 
seagoing structures: The marine 
in accordance with the invention 
structure, for instance may the hu|l and bulkhe^^ :but . 

the hopper tanks and the wing tanks may b&fenn^w^ to - 

the layered structure hull and bulkhead. Another pbssillifity might be tb have just 
the outer hull with a layered structure, or only parts^f-.tjie hull:with^a layered 
structure like the parts around the engine room. T^e*laye*e^ tiwc* 




dimensioning the layered struoture, assumed^of^^^gie- 
forces, and. to transfer all the perpendicular ^rfe3SU3felS^^i^tfee 



•structure. 



The outer layers of the layered structure may be Made vof any typ.0 of inetal 
approved for ship applications by Classification Societies or other appropriate 
authorities. This includes typical ship plates made with steel quaHties.like "Normal 
Strength Steel" (NS) with minimum yield stress 6f §35 'ftbefc ^iK^^fen^th'SteeP* 
(HS) with minimum yield stress of 265 MPa up to 3xsid^vinS^g i/v 
"Extra High strength Steel" (EHS) with msslxp^ 

including 690 MPa. There exist a very Uxj^ wa ^ S^^ ^^^^^^^^^^ 
fall within these classes of steel quality. $^'ciaiv^^^i||i^|^r W *■ ' ' ; - • ~ - 



stainless steel may also be used. Moreover,,^ 
may use so r called clad steel plates consisting o£*'9&s^ layer 
(cladding metal) on one or both sides $ cohtinupus^amd inte 
metals like aluminium and titanium may also be used: as long as they display 
sufficient compatibility with the structural and chemical behaviour of the light 
weight concrete core material. 




40 



The core material, the concrete layer, comprises ofiaariaterial^M^ 
appropriate mechanical, chemical and other ftahoti^^ „ 
proposed invention. The preferred material is airita^li^ 
with weight less than half that of normal concretes whteh i^pip^dl^ ^^^b^^aboizt 
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2400 kg/m 3 , that is, ULWC with density less lhan*120G kg/m 3 should normally be 
aimed for. It is to be noted that such ultra light weight/concretes are significantly 
different from light weight concretes that earlier have-been used^for^fexatople for 
offshore structures in the North Sea, and which have -a weight of appro^dinately 
1900 kg/m 3 . 





The composition of ULWC is sigwficaitiy differ 
To make such concretes one may use 
such as expanded shale, clay, vei^cukt^^pumft 
foam plastic, etc. There are 'many types aof esmmiig©^ 
available* Alternatively, special chemicals may bemadded to obtain a^arge content of 
air or gas bubbles in the concrete mix. Combinations 4 of light weight aggregates ana 
air or gas bubbles may also be used. One may also add various types of fibres 
reinforcement to enhance the ductility and tension strength of the concrete. 

To achieve good structural concretes with 
series of such concretes for use in the present : 
tested. The mix designs included iise v df W|ite£'.c 
limestone filler, aggregates 
types of chemical additives, 
characteristically had fresh concrete defisity bf 5 
strength of 14.5 MPa 9 splitting tensile strength of and Youngs moduls (E- 

modulus) of about 6000 MPa. This shows that ultra-light weight concretes with 
sufficient strength to serve in the present invention ;can be bbtatined^jrhe^same mix 
also has good workability properties for placing in the -obmposite plate structure. 

The strength and structural integrity of the present%^e£tion ^t^pri^^d^n^ o^v 
the properties of metal 
between these materials. 
. comes from the carrying capacity of the steel; 
the* layered structure at the two siirfaces is ari< 
bending stiffness and prevent component bucklihg-^thaugh i3ie concrete in reality 
has some tension strength, and, in fact, the ratio between tension and compressive 
strength for the tested ultra ligHt weigEt concretes has proved to be higher than for 
normal concretes, it should conservatively be assumed for design and dimensioning 
that the concrete does not carry significant tension forces. However^ the concrete in 
the composite plates and walls still has several important functions:.- 



a- To supply compressive strength and stif&ess^Qr the pvei^tffi^Qture'. 
b. To support the surface steel plates agaiiii^^TiiiDkiiiig : i ♦ 
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To provide a series of other fupdrofi^^ 

structure, such as capability of absoxlji^^B^rgy under catastrophic 
loads, fire resistance, structural damping, ..etc, 
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To enhance the concrete layers structural strength 4he»may be. added 3fibreis:-intp the 
concrete mix. The length, density and direction of ^e^Sbres may bfe 3 M^teS^ ike ' f 
specific use. - „■> "/ v./ \- *1 ; 0 J 



Utilization of the compressive strength is£ai$ sti= 
the overall structure is rather straight fqtt&e&^ki 
are kept within requirements set-by appr opiate 




is also 




The function of supporting the surface metal shee' 
important A conservative approach should be taken;, that is, the actual design 
should not rely upon full bonding between concreteand irietal. Resistance against 
separation and surface plate buckling outwards canibe achieved ^q^j^ connectors . 
between the sheets in the layered structure and/or ^OJtfelS froni 6^ 



concrete layer, in appropriate locations and wi 
The concrete provides support against rotations 
the holding of the surface sheet is. nearly *vfiKed5 7 
increases the buckling capacity of the suSE^ sh^^l^^l 
surface sheets with such fixing points eaiif^erc^^ 
fonntdgte, thereby ensuring, there is sufficient.^ • 
all design conditions. In this connection it is also^b^hoted tha:t surface sheets that 
are fixed in. this way have very significant post-buckling, reserve carrying- capacity 
that contributes towards the overall safety of the concept. 

A major advantage with a layered structure where -th'e^£^ v" y 

sheets is filled with concrete is that the buckling >f^i^ 
many shipwrecks is no longer the most;QnficaMa^ 
with a layered structure in accordance wi$£ the ifrylj^ 
this, become more compatible with the stj^ftatdh*^^ 
accordance with ihe Post Derbyshire requirements 
stiffness if or the different part of a ships stxticturer^ 

in connection with explosion, collision and grounding because the concrete is a 
good bairier for energy absorption and distribution of contact forces. The robust 
bulkheads and possible double bottom structure reduces local damage on the 
structure from cargo handling equipment. 





Other important functional properties of the composite .structure 
through analysis of the specific, designs and througltiiaboratory Jesfe-ig 1 . 
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In cases where it is necess^.to iacre^e'th^boh^l^ * = 

cdncretethe surface of the metal sheet that is fa&d£tarto&$ l&e^coirtaete layer may . 
either have increased roughness in the surface, be treated with a roughening or an . 
adhesive layer, be equipped with dowels, or have a c combination of these different 




means. 



The dowels may be of several forms and may just i^ch/a^m^l^is^ince intone-; . 
concrete layer or they may reach almost to the-d&i^ ^ : 

dowels may be welded, bolted or in othsr r- ^ i Adk^SE r: /5 

the metal sheet. 





In between the metal sheets" in tbe layered^st^l^^ 

The purpose of the connectors is to transfer ibk^^jet^eeii ihS &6t^ ? sheets m the 
layered structure, and they also function as reinfoMc&ctfent in the layere&struoture. . 
The connectors may be in the form of point conne$li>isror it may havean extension 
in one or several direction, as for instance a jilat&r g^der.' ^.Prefc^bly ^fee arein the 
layered structure connectors in form of girders in**>ne^te^ 
connectors in between the;girders. The type i 
connectors or girders, will depend on the v 

are different requirements. to a hull compared ^flsi^ 'j f ^^^fj^ 

strength for instance against buckling, ' ;• ; '2 : ^t^!y0 ';t - \,\ \ ^!$S$$ : 

The layered structure's conerete : layer m^dtfdt^ 
channels elements are in general open in-bo& efh^ 

Together with other part of the structure they may^btm closed voids, a box, here 
also denoted "spar-boxes". The channel elements are.included in the concrete layer 
to both increase the total strength of the layered sttucture and also fedUfce the weight 
of the layered structure. The channel elements are 'connected to:the:.adjacent metal r.r? s : 
sheets in the layered structure with spacers. The spacers can h£V& 50^^ ; &rms$ r-^i:^ > 
like I-beams, U-shaped hooks or others, and &ey:ntfay4'e weld^d^ \ ? : :t r^^£ 

jammed into a fixed connection with both the c 
The spacers have several functions, snch":a0o 
buckle, transfer shear forces, as eIemehts\for 
production to hold eventual spaf^-boxes. in the iij 

The open ends of the channel elements may be connected to adjacent metal walls in 
the end of the layered structure or girders in the layered structure. The connection 
may be done by welding the channel element to for instance girders, and then there 
is formed an enclosed spar-box, This spar-box is normally closed, but there may be 
accesses to the void so that the spar-box can function as a service "shaft or 
inspection shaft, storage of water or fuel or other liquids, or similar. 

In case of designing new vessels or replacing parts Vd£iri:exis^ 
design for instance the bulkheads with a layered £^c?t|n^i^ 




29. NOV. 2002 13:44 



UNSAGkKS AS> +4/ 2 3 32,'/ 01 

ONSRGERS AS 



..Jit; "-■ ''l^Wi^ifa^*!. 4^" 



flu. 1 1 9b 



10 



15 



20 



25 



30 



35 




invention, and/simultaneously dimension Ifie s$a£*^^ so 
that they may function as compartments for baUaifeSrater with ^he reqtrired safety 
and access through piping and possibly also manual 1 accesses. In other cases the 
layered structure for a part of a vessel may be designed so that the spar-^boxes in the 
layered structure can function as fuel compartments; 

* v • * 

The layered structure is normally made with met&bshfcets of nonrtal^teel ns^in^ . 
shipbuilding, as mentioned earlier, but income c¥ja<S^>&e *aoi 
to be transported inside a cargo hold or icor 
that attack or corrode normally used steely! 
include aii outer layer of a different material thata 

material to be transported. Such plates ax6 often refei^S to^as cjad ^lafes. An 
example is if the material to be transported is highly corrosive then the layered 
structure may include an outer layer of stainless steeL This may be economically 
feasible in the case of cargo holds or tanks in accordance with the invention since 
the holds have smooth sides and the amount of stainless steerto cbyerrfhe hold 
because of this will be at a minimum. Other ways kf^iote 

painting or application of protective layers of suitatrle 5 ^ aterids^i^M^ 4te&iseife I 

Regarding production, use and maintenance theje?ja 
influenced by a layered structure In accordance 
parts of a vessel compared with a ndrfaial^teei : .^^i®^&^^S®t| 
carrier. The welding volume of the hull: structure ;c^^ iti 
accordance with the invention, be reduced by as inuch as'50% compared with a 
double hull steel carrier. The hull structure can be 'built from fever pieces and a 
greater percentage of pieces may be prefabricated. 

Extensive work has been carried out to verify the feasibility of the current . 
invention. This includes design and analysis of bulk carrier ships of so-called 







of steel and welding than for conventional sliips. Moreover, it hisbeen shown that 
. such ships even may weigh the same or iess than for- equivalent double hull steel 
ships. Ships designed and built in accordance with thecuirent invention also have a 
series of other beneficial properties including being price competitive. 

It is a major benefit to achieve a hold in a bulk carrier, container ship or tanker with 
smooth sides and a minimum of comers, as one can-achieve with 1he layered . : ; 

structure in accordance with the invention. The sm6dthteides\alIo\ys'^ mare ^ ;Av£ii> 
speedy and more environmentally friendly cleanin^^Hch w*II-gi##^ 
benefit with both less use of chemicals, workmen^d^own^t^ , 
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to the cleaning operation- A sraodi 
using the same cargo hold for both c»go*:afi^ 

be done, properly. The smooth sides of the bulldidia^r^a:fhe hulls 6tfr 3 also fedixces 
cost in relation to maintenance,. both due to the je^tieed afea that have to be coated 
for protection against corrosion but also due to ihe feet that there are less areas 
exposed to corrosion, and less areas that have to be.£hepked dUitog mspec^pii and 
maintenance procedures. *. * t 

The layered, structure in accordance with the inv^^^^yes J 
in case of fire, since the concrete has. gopd 
embed the piping necessary on the ship 
or. in the voids ixt the concrete struptnare 
-corrosion and enhancing fire ptotfectiotL 

The layered structure in accordance with the inveii&bn^nay as kis described above 
consist of a compact layered structure with two sheets f :of metsd imd ^ intertening 
layer of concrete with weight preferably below 120tfe^§g/m-, , This compact structure 
may be considered to be similar to a double hull stnicture. init :Sett duetto ffie -f^t 
that the layered structure have two sheets of metal^t&e sliuc^ 
has a core material of importance for collision an^jl^^d^ 





2-12, and is constructed of at least two snftlQOT.^^ 

equal to the modules thickness, and that the elemeiibaa additidn: xnay comprise at* 
least one connector between the two metal sheets; -The smaller dements may .have a . 
length mainly equal to the modules length, and a width mainly equ^to\a part of the 
modules other length perpendicular to the first. To form a whole pr^ part of a 
vessel several modules which may haye different orsinjilar foim^ay:^e^pUt , ; * 
together. Some modules may first be assembled tog'e&^-^^ 
are connected to form modules of another level ivMcfii^ 
with other combinations of modules to fonn 




In addition the invention also includes ah element 3fi^^t$|i^^^a 
module, where the element comprises Wo subst^traliy parallel metel sheets with a 
concrete- layer in between, where the concrete has density substantially less than for 
normal concrete, preferably less than about 1200 kg/m ? . The element has a length, a 
width and a thickness, where the thickness and length mainly corresponds to the 
layered structure module and the width amount to apart of the layered structural 
module. In one embodiment the element may have at least on one 6dge an Open 
channel element in the concrete layer, mainly parallel to the metal' sheets. This 
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channel element forms 

layer, when two elements are joined together. 

The invention also comprises methods in relation- with -the layered structure. For 
producing a layered structure for building of wholeor parts of a vessel such as 
ships, floating platform or similar, a method may comprise thsnise of two mainly 
parallel metal sheets, where the metal sheets are portioned hxa,m^%^^$1^ce 9 
and that in between these two sheets is injected ati#it^fvemrig;^ 
which concrete has a density less than for «om^<^^^e,ifirfi 



about 1200 kg/nr 



Method for producing an element for forming i -jtet^ > ^xlffS^ 

whole or parts of a marine vessel uses p&rs of ■>* % 

the metal sheets are set in a wanted distance,, ahd^'&t^^ * " : : 

sheets is injected a intervening -layer of concrete^whjch -concrete has density less 
than for normal concrete, preferably less than aboufrrl200 kg/m> ana fhkt the 
intervening layer of concrete thereafter is allowed to cure. A preferoed'fc^ . 
of this comprises before the* inj ection* of the concrete* ifrat ^ . ; V'f r 

is attached to at least one edge. of'the. element in theocentre pbilioHS^ 
between the two metal plates. 

In the fUrther description the invention will be 




20 with reference to the accompanying drawings ■■wficttSSB.? 1 ; * 

Fig. 1 shows a vessel built with parts in a layer ed^^ the : 
invention where part of the hull are removed to sh6!*v*the invention, 

Fig. 2 sho ws details of the vessel in fig. 1, 



Fig. 3 a-c shows cross-sections of three different embodiments Of a 1 vessel where the 
layered structure in accordance with the inventions \is : Used for whote ox pSrt r of Ufe . 
vessel, 

Fig. 4 shows the layered structure in accojftjutice 




Fig. 5 shows a second embodiment, of the layered^?^ 
invention, 

Fig. 6 shows a third embodiment of the layered -structure in accordance with the 
invention, 

Fig. 7 and 8 shows different embodiments of an. element in accordance with the 
invention, 

Fig. 9 shows part of a layered' structure module,- 
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Fig. 10 a-d shows different embddiments of dol^k^d Wthe iSa^Sda, 

Fig. 1 1 a-d shows different embodiments of connectors used in the invention. 

Fig. 1 and fig. 2 shows a vessel 1 where parts of the/vessel 1 are coi^trucfced with a 
layered structure 2 in accordance with the invention; Part of the hxiljV6; parts of the 
deck 20 and some hatches 21 are removed to show theiayered stn^atfe 2 usfcd in ; ; . 
the hull 6 9 the bulkheads 7, the wing tankp-9;-and5^ 

bd with i^t^red s : 




V:' 



tanks and hopper tanks may be required forirmetit^ 

necessary as a structural component of ships deSi^^a^c^drding to4^ inventi6n> , . 

As sho wn in fig. 2 the main structure of the ship-cotnpiises the layered* structure in 
the vertical directed parts of the hull 6 and the bulkheads 7, plate girders 12 that 
extends in a vertical direction. The bottom part of the hull 6,, have a;|iyered . 
structure comprising plate girders 12 in the longxtu&g^ vessel -and - 




In fig: 3 a are all main parts of the hull 6- T ^b'ihjtf$ti^ 
20 aiiithe wing tanks 9, formed with a layered stmotrae-^A^ne^cam se in-figl ^a^ . i 
two bubbles there are at least two possible layered structures that may be used in the 
hull, fox instance a structure of two metal sheets 3 and; a concrete layer 4 with or 
without channel elements 13. These two different structures may be used for hole or 
part of the hulls shown in fig. 3a-c 

25 In fig, 3b is the inner separation wall of the wing tanks 9 and the hopper tanks 8 «r. 
made with ordinary metal sheets. In fig. 3c have tks$i^'<fo 

structure, — ■* ~ j~ j — — j — -■- ----- : - 

there is no 

Fig, 4 is a principal sketch of the layered ^structure invention. 

30 with the two metal sheets 3 and the concrete layer ;4> In fig. 5 is it shown principally - 
a second embodiment where one of thie metal sheets 3 have gotten an outer layer 5- 
of a different material. This might be a solution if fox instance the cargo that is to be 
transported is highly corrosive with the basic metal in the metal sheet 3- These 
figures are not at all to scale. To illustrate typical dimensions one can mention one . . 

35 example for a layered hull structure, where the outermetal sheet 3* would have a 

thickness of between 5-25 mm and the metal sheet;foiimngm channelefei&eiit 13 , ; '. ' 
embedded in the concrete layer 4 would have a thidj^ss. ofb'e^ 




■•w4?*& ■' - 
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In fig. 6 is it shown a cross section of a layered stxufctoe 2 where there are channel 
elements 13 embedded in the concrete layer; These^ehaniiel elements farms with 
other parts of the layered structure spar-boxes 14; 

Pig, 7 and fig. 8 show two different embodiments of elements thaV^^n mounted 
together form a layered structure. These elements hSta&the same f tWGl^aess *as !tke;. 





layered structure and generally the same length as# 
structure module, and a part of the: < 
module.. The elements comprise twa 
embodiments .comprises also open^chann^l lelcaj^l^^^^^^^^^^^^^^^ ^^^y,^^^'' 
"sheets, and possibly as shown in fig. 8 also-cloSeli^^ 

in the concrete layer 4. The channel elements are petitioned in the aperture between 
the two metal sheets 3 with spacers 15. 

A layered structure wall is comprised as shown in fig. 9 of two metal sheets 3 with a 
concrete layer 4 in between. The two metal sheets- are? connected to -£ach other via - 
point connectors :il and plate girders 12- The con^t^^ypx m^poo^^0^ 
embedded channel .elements 13 that, together wit 
boxes 14. The channel elements are 



The layered structure in accordance 
ways to fit in with the requirements in the 
instance may the spar-boxes be made of a. size 
tanks for fuel or ballast water 




focfimcfioidhg . asrstorage 



Fig, 10 shows some examples of dowels that may be^attached to the . side of the 
metal sheet side that faces the concrete layer, thereby improving^feBohding and 
mechanical attachment between the two materials. Figl: 10a shows a Mob riiadte of 
concrete, plastic or other material which is at least as^steong as the coircete layer and 
which is glued to the metal sheet. Fig. 10b shows^im^^ } ~ >.w 

attached to the metal sheet by way of aw'of Moti^^ 
or short channel section which is welded to. therm!^ 

anchorage by way of a bent or protruded form:. F%^(^ '•>*"' 
length corresponding exactly to the desired metal- sheejt: distance, thereby serving 
-both as anchorage and a practical spacer for the layered structure assembly.. 



Fig, 11 shows some examples of connectors that bind the two metal sheets in the 
layered structure together at desired distance and that also provide 5 mechanical 
35 interaction with the concrete layer. In addition, such -fixed connectors, are important 
for preventing 
sheets. In fig. 

two metal sheets. Fig. lib shows a similar ^cas^;Wtee^^^;w;< 
U-shape or open channel form. The connector 
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that it is wfeldfed only to one 
through an "eye" which is a 
afi^iwhicfrfc 

togethef when the opposing sheet is slid 'into cd£ej3^^ 
5 ^ arrow A. The connector in fig. ild is a double^side&version of Hxq slidfc connector 
|* in which both sheets have "eye" attachments locafedkt opposite posilSonjs. The 
h outei sheets become locked into position when an 
connector is slid into the two "eyes", see arrow B, 



10 The invention has above in m 

invention should-in no way be limited. to hx 

modifications and possibiMes that arfr cov«e^|t^p^o^M^P^: *?".?-\ 
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CLAIMS 

1 > Marine vessel, such as ships, floating platfoSB^etc, where the whole cfr 
part(s) comprises a layered structure including twd^abstantially parallel metal 
sheets with a concrete layer in between, where the^con^rete has 4en§ity ^igilifickntly 
less than that of normal concrete, preferably less thS^^bout 150.6 :]^M^;wh^rer-.the. 
layered structure is dimensioned .as if the eoncret 
substantially no tension but is capable 6i-(i^cfm^^^^^%^^i 
the metal sheets. - 



2, Layered structure for use in marine vesseis;4uisfr as ships; flb^atmg piatforms 
10 * etc, comprising two substantially parallel inetal sheets^& a concrete -la^ 

between, where the concrete has weight of less lhanfor hormal tonctete^ preferably 



less than 1200 kg/m 3 . 




3 , Marine vessel or layered stracturern accc^^ 
the metal sheets on the surface faced towards 1he£i 

15 increase the bonding of connecting prbperfres bel^een^ 
concrete layer. . ; V 

4. Marine vessel or layered structure in accordance with claims 1 or 2> wherein 
the means to increase the bonding properties are an inore^ed roughness in the 
surface of the metal sheets, or an added adhesive layer: or dowels ot ^combmatio.n 

20 of these. 




5. Marine vessel or layered structure in acco^ds^^ 
dowels reaches a substantial distance into the conai^^l&y^to 
inetal sheet on the opposite side of the layered structure. 

6. Marine vessel or layered structure in accordance with claims ! or 2, wherein 
25 there in the concrete layer in the layered structure "are-added fibres thr enhance the 

concrete layer's ductility, reduction of crack openings* and capability for carrying 



tension forces. ' ' r 'Ak^-:. 



C 



7. 
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Marine vessel or layered stractwe An accdr#^6S wilh cfi^d^^^f'ydieard^ : 





there between the two metal sheets is at least one^0&if&t6r. 
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8. Marine vessel or layered structure iri accordance with claiiii % wherein the- 
connector comprises a point connection- r . 




10. Marine vessel or layered structure inaeeord&i^^ 
''dgizns-, -wherein the concrete layer comprises a plurality of ibiigiftidiftal . 
substkntially parallel load carrying channel elemen&with equal or different cross 
sections and with an internal void, which may, togethcrwith other el^ehts in th^ 
layered structure, form spar-boxes. ' - 'i V . • 

1 1 . . Marine vessel or layered sl^ctaife^^^^ 
channel elements are connected 




.:• v. ' - : - 

12. Marine vessel or layered structure in accordaLjjci ^^cijuin^O :or 11 , 
wherein both open ends of channel elements are joined with girders \vith 
longitudinal direction transverse to the chaimel element's'longitudhral direction and 
form closed" spar-bbxes. 



13 



Marine vessel in accordance with claim 12^^reift 
one of the spar-boxes in the layered storc^ 




20 service shaft and/or inspection shaft or similar. 



14, Marine vessel in accordance with claim 13^ wherein there is ! access to the 
spar-boxes in the concrete layer in a bulkhead so that ^he spar-boxes may. function 
as compartments for instance for ballast water. 



• ' ' - 



25 



1 5. Marine vessel in accordance with claim 12^ wherein there is >cqess ; to the. 1 
spar-boxes in the concrete layer in the layered Stj^ 

function as compartments for fuel. ■ J . ' 'S* v >v^' 
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1 6. Marine vessel or layered 

claims, wherein one^r both of the surfaces of the^liaiisheet^ 
concrete layer or the inside of a spar-box may indl^6^61her'Oiitet: layer of a 
different material. 



1 7. Layered structure module for use in for ia?!lan£e a r vess#snii^^s ^§h|p;. a 
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comprising _ ... .. .... 

smaller element' a thickness mainly -'e^M^^^p^^^pi^^^.,^ 
elements in addition may comprise at least one mi 
sheets so that two smaller elements when put togejfcherform two outer smooth metal 

surface's. 



1 8. Element for obtaining a layered structural module, including &tib •. . . 

' . V * £ "V* ... 

substantially parallel metal sheets witha£oncz©tfc^ 
concrete has density less than for normal concs$te$|a^^ 
kg/m 3 . 




19- Element in accordance with claim 18; Wheriem^he Element h^ a^nglii^ a 
width arid a thickness, where the thickness and lehgthvmaLoly correspdnids to the 
layered structure module and the width amount to a -part of the lagterfcd; Structural, 
module. 

20. 

at least 

parallel to the metal sheets*- which channel 'elerhQitel^^ 
channel element in the concrete layer, when two i elements are joined together. 




25 21, Method for producing a layered structure for building of whole or parts of a 
vessel such as ships, floating platform or similar, wherein it is used two mainly- 
parallel metal sheets, where the metal sheets are positioned in a wanted distance, 

and that in between these two sheets is injected an*%tei^ening layer^pf^p^brete ? .-' : 

.. .. j , 
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about 1200 kg/m 3 . 
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22. Method for producing an element fdr fbfisSii^^ 
of whfole or parts of a marine vessel;- such 
is used two mainly parallel metal ;sheets, where ^ 

distance,, and that there in between these two sheets *is inj ected a intervening layer 
of concrete, which concrete has density iess than for ridnnal concrete, preferably 
less than about 1200 kg/m 3 , and that the intervening layer of concrete thereafter is 
allowed to cure. . 



23- Method in 
concrete 



!,. an open channel element is attached teaiftl^^ 
4L- the centre portions of.the aperture "between :'the>tw<S^^ :.■;>''" . • • ' 




S . 24, Vessel, structure, structure module and element as described ih the 
specifications and drawings. 
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ABSTRACT 

The invention relates to a marine- vess^.iMch * : 'V ^ j« 
flo"aling;platroim etc, where the ^fcofe 

cdinprisos a layered structure and a layer^i^^f^^ . ; ■ ^ :: >4^- ^ 
5 . 2f for lise M vessels, including two Substantia^ 
* metal 'sheets with a concrete layer in betweeh, whereithe 
concrete has density significantly less than that of 
nonnal concrete, preferably less than about 1200.S£$3^; 
where the layered structure is dimensioned as if vth£; v . 
10 concrete layer in the structure carries r siA^tBnliail'y^^V p 

-. tension -but is" ca|>stole,Qf-«urrying ^ii«n^Wf^«^^ T ;^:>^^P^^'; 
and support the. m^ta^ Sheets. The kveiati^n.'^^ ^* ?! ^5^f^* ^* 

includes a layered structure module, elements fof . *\ • 
building, a module, and methods for producing a layered 
15 structure according to the invention. 
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